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© Lubricious hydrogel coatings. 

© A flexible, lubricious organic coating is formed 
by applying a mixture of an isocyanate, a polyol, 
polyvinylpyrrolidone (PVP), and carrier liquid to a 
surface to be coated. The carrier liquid is removed 
and the mixture reacted to form a lubricious, flexible 
coating, particularly suitable for use as a protective 
lubricious coating on medical devices introduced into 
the body. The coating exhibits a significantly re- 
duced coefficient of friction when exposed to water 
or aqueous solutions. 
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This invention relates to a lubricious hydrogel 
coating. 

It has long been known that hydrophilic coat- 
ings with low friction (coefficient of friction of .3 or 
less) are useful for a variety of medical devices 
such as catheters, catheter introducers and the like. 
When low friction surfaces are used, the devices, 
upon introduction into the body, slide easily within 
arteries, veins, cannula and other body orifices and 
passageways. There have been a wide variety of 
methods used to provide the surfaces desired. In 
some cases the material of the catheter or medical 
device is formed of a material having good anti- 
friction properties such as poly(tetrafluoroethylene) 
or other plastics which tend to avoid abrasion with 
the body. However, in many cases the selection of 
materials does not provide the anti-slip properties 
desired in conjunction with other desirable prop- 
erties for the particular medical device. 

The art has recognized that polymer surfaces 
can be provided with hydrophilic coatings formed 
from combinations of isocyanate, polyurethane and 
polyvinylpyrrolidone (PVP). 

For example, U.S. Patent 4.642,267 discloses a 
coating which is a simple blend of thermoplastic 
polyurethane and PVP. When deposited on a sub- 
strate and dried, no reactions occur. The coating 
does not bond to the plastic substrate, and can 
readily be redissolved in a solvent. Furthermore, 
the PVP is only lightly complexed, thus allowing 
the coatings to become generally soft and readily 
removed when wet. 

The present invention, in contrast, is a crosslin- 
ked system, and thus more tightly complexes the 
PVP. Furthermore, some reaction may occur be- 
tween the isocyanate and the substrate to improve 
adhesion. 

The prior art coatings using PVP typically rely 
on a 2 step, 2 coating process, usually involving a 
primer coat of isocyanate or isocyanate/polymer 
blend which is dried, followed by a second coat 
containing PVP, a blend of PVP and another poly- 
mer, or another hydrophilic polymer such as poly- 
ethylene oxide). The 2 coatings, one superim- 
posed on the other, are then baked to effect a cure. 
Several disadvantages to this process exist: 

1. The exact ratio of primer material to PVP is 
difficult to control, as it relies on whatever 
amounts of primer and PVP happen to be de- 
posited by the wet film during the respective dip 
coating steps. 

2. The primer may begin to redtssolve in the 
second coating solution, causing some loss of 
primer, and further resulting in difficulty in con- 
trolling the primer/PVP ratio. 

3. Additional facilities and time are needed for 
coating with a 2 step process, as compared to a 
1 step process. 
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Prior patents have suggested applying solu- 
tions of polyvinylpyrrolidone with isocyanate and/or 
polyurethane in multi-step operations. These coat- 
ings often lack good durability. For example, U.S. 

5 Patent 4,585,666 to Lambert discloses medical de- 
vices having hydrophilic coatings formed from an 
isocyanate layer overcoated with a polyvinylpyr- 
rolidone layer. However, such coatings are of 
polyurea materials formed from a first solution of 

70 an isocyanate being applied to a base, the solvent 
then evaporated, followed by a second solution 
application of a polyvinylpyrrolidone, in turn fol- 
lowed by evaporation of the solvent. Cure is effec- 
ted by baking, in the presence of moisture, thus 

75 producing a polyurea. This type of application pro- 
vides polyurea materials which do not have the 
tenacity of the coatings of the present invention. 
Additionally, the multistep procedure makes it dif- 
ficult to tailor properties and values of the final 

20 coatings. 

In my copending application Serial No. 
512,872, filed April 23, 1990, there are disclosed 
coatings which are the result of polyurethane link- 
ages in combination with an association of poly- 

25 (ethylene oxide). Such poly(ethylene oxide) con- 
taining coatings are formed using a one-dip pro- 
cess to provide low friction coatings which are 
abrasion resistant in the body, hydrophilic and 
lubricious. 

30 It is an object of this invention to provide a 

hydrophilic, extremely lubricious organic coating 
which exhibits a significantly reduced coefficient of 
friction when exposed to water or aqueous solu- 
tions. 

35 It is an object of this invention to provide a 

hydrophilic, extremely lubricious organic coating 
which has good adherence to substrates, particu- 
larly plastic substrates. 

It is another object of this invention to provide 

40 a hydrophilic, extremely lubricious organic coating 
which retains its lubricity when wet even after pro- 
longed contact to water or aqueous solutions, and 
even after repeated moistening/drying cycles. 

It is another object of this invention to provide 

45 coatings in accordance with the preceding objects 
which are particularly useful for application to outer 
plastic surfaces of medical devices with good ad- 
herence to the devices and which are non-toxic 
and non-deleterious to the body. 

50 It is a further object of this invention to control 

the final composition by formulating the coating 
solution using known and desired quantities of the 
isocyanate, PVP and polyol components. 

Another object of this invention is to provide a 

55 method of applying a hydrophilic, extremely lubri- 
cious organic coating as in the preceding objects, 
which method can be carried out using a single 
coating solution which has an enhanced useful 

2 
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lifetime or pot life and which is efficacious by 
minimizing manufacturing costs accompanying the 
use of conventional equipment. 

A still further object of this invention is to 
provide a method in accordance with the preceding 
objects which provides a flexible urethane coating 
having a high molecular weight polyvinylpyr- 
rolidone (PVP) associated therewith and which is 
adherent to underlying substrates of varying or- 
ganic polymeric materials. 

According to the present invention a hydro- 
philic, highly lubricious, organic coating is formed 
from the reaction, on a surface to be coated, of a 
mixture containing an isocyanate, a polyol and a 
polyvinylpyrrolidone (PVP) in a carrier liquid. A 
urethane coating is formed having good adherence 
to the substrate and good anti-friction properties. 
The coating can be formed on various medical 
devices including catheters and catheter medical 
tubing. 

More particularly, the present invention relates 
to a hydrophilic polymer network, useful as a coat- 
ing for certain medical devices, which exhibits a 
significantly reduced coefficient of friction when 
exposed to water or aqueous solutions. 

Such a system contains 4 major components: 

1. A high molecular weight polyvinylpyrrolidone 
(PVP), or a blend of two or more such PVP 
products. 

2. A polyhydroxy species or polyol containing at 
least 2 hydroxy! groups per molecule, or a blend 
of two or more such polyols. 

3. An isocyanate prepolymer or monomer con- 
taining at least 2 NCO groups per molecule, or a 
blend of two or more such isocyanates. 

4. A solvent or blend of solvents suitable for 
dissolving components 1 -3, which does not 
significantly react with the components. 

The coating of this invention permits a 
stoichiometric reaction to occur between the 
isocyanate and the polyol to produce a crosslinked 
poly urethane network in the intimate presence of 
the polyvinylpyrrolidone. The isocyanate/polyol re- 
action produces a polyurethane which is believed 
to complex the polyvinylpyrrolidone by hydrogen 
bonding, most likely between the carbonyl oxygen 
of the PVP and the NH hydrogen of the urethane 
linkage. 

According to the method of this invention, a 
coating as defined above is formed by applying a 
solution of the mixture and carrier liquid to the 
substrate by conventional coating methods, includ- 
ing spraying, dipping, painting and the like. The 
application step is followed by drying to remove 
the carrier liquid either by evaporating the solvent 
at room temperature or by heating. In a subsequent 



step, the coating formed is cured at room tempera- 
ture or with heating to form a polyurethane network 
having PVP entrapped therein. 

The disadvantages of prior art procedures us- 
5 ing a two step process are overcome by the 
present invention which involves a one step pro- 
cess, thus permitting a single coating solution of 
controllable composition. Further advantages of 
employing a one step process are as follows: 
10 1. The present coatings can be formulated over 

a wide range of properties such as lubricity, 
durability, adhesion to various surfaces, etc., be- 
cause the exact composition of the polyurethane 
-PVP complex can be tailored to the desired 
75 result, and particular substrate and end-use ap- 

plication by selecting the specific isocyanate 
and polyol combination from a wide range of 
products available commercially. 
2. The ratio of polyurethane (total mass of 
20 isocyanate plus polyol) to PVP can be varied 

exactly during preparation of the coating solu- 
tion. 

More particularly, in the coating of this inven- 
tion, the PUP becomes entrapped by entanglement 

25 in the developing polyurethane network and is 
evenly distributed throughout the coating. The 
strong complexing between PVP and crosslinked 
polyurethane prevents PVP from leaching out of 
the film when it is exposed to water. On contact 

30 with water, the film imbibes a significant amount of 
water and swells to produce a very hydrophilic gel. 
The gel is stable in water and does not dissolve 
even after prolonged exposure of up to several 
weeks duration. The surface of an article coated 

35 with this film becomes very lubricious, since the 
wet gel is capable of associating a significant quan- 
tity of water and thus maintaining a fluid layer 
between the coated surface and another surface 
moving with respect to it. 

40 It is a feature of this invention that the coating 

will imbibe water and become lubricious upon ex- 
posure to water or aqueous fluids as within the 
body. The coating can be wetted before introduc- 
tion into the body. Because it is a cross-linked 

45 system resulting from a curing operation, the coat- 
ing will remain firmly bonded to a substrate even 
when hydrated. The coating can be dried and re- 
moistened repeatedly while retaining its lubricating 
properties. The lubricity of the wet coating is re- 

50 tained indefinitely, even after repeated 
moistening/drying cycles. Coatings thus prepared 
retain properties when exposed to normal gamma 
ray sterilization doses or when sterilized with eth- 
ylene oxide. These coatings do not appear to lose 

55 significant weight on prolonged exposure to water. 
Furthermore, the composition of the coating sys- 
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tern is essentially uniform, and therefore any rea- 
sonable coating thickness can be achieved simply 
by varying the solids content. 

While the exact mechanism is not definitely 
known, as pointed out earlier, it appears that the 
polyol and isocyanate react to form a cross-linked 
matrix or network of polyurethane which strongly 
complexes the polyvinylpyrrolidone by hydrogen 
bonding so that it becomes an integral part of the 
polyurethane coating. 

The coatings of this invention are particularly 
suitable to application on plastic surfaces, such as 
polyurethane or nylon, because some of the 
isocyanate in the coating mixture can react with 
active sites on the plastic substrate to provide good 
bonding of the coating. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

A highly lubricious coating is formed overlying 
a catheter body formed of a flexible organic poly- 
meric material. The coating is formed from a mix- 
ture containing an isocyanate, a polyol and poly- 
vinylpyrrolidone in a carrier liquid. 

In addition, the mixture can contain additives to 
alter the characteristics of the coatings in substan- 
tially known manners. For example, conventional 
additives include antioxidants, flow control agents, 
and air release agents. 

The ratio of weight of the polyurethane formed 
in situ to PVP varies from 0.05 to 3.0 and is 
preferably from 0.20 to 1.0. The stochiometric ratio 
of total NCO groups in the isocyanate to total OH 
groups in the polyol can vary from 0.75 to 3.0 and 
is preferably from 1.0 to 1.5. Generally, in produc- 
ing a polyurethane of controllable composition, it is 
preferable to use an NCO to OH ratio close to 1.0. 
However, a preferred ratio is usually somewhat 
greater than 1.0, since it is known that isocyanates 
readily react with water, and that incidental quan- 
tities of water can integrate with the uncured coat- 
ing. This water is present from various sources 
such as atmospheric moisture, moisture in solvent, 
or moisture associated with the polyvinylpyr- 
rolidone. 

The isocyanate species must contain at least 
two NCO groups per molecule, and the polyol must 
contain at least two OH groups per molecule. In 
order to form a crosslinked polyurethane network, 
the sum of the average NCO functionality and 
average OH functionality must exceed 4. It is pref- 
erable to use an isocyanate with an NCO func- 
tionality of 2, and a polyol with a functionality of 3, 
4 or higher. However, use of an isocyanate with an 
NCO functionality greater than 2 with a polyol of 
OH functionality of 2 is suitable. 



The coating mixture, in solution, is prepared by 
weighing the appropriate quantities of isocyanate, 
polyol and polyvinylpyrrolidone stock solution and 
adding them into an appropriate mix vessel. Addi- 
5 tional solvents can be added to adjust the viscosity 
and solids content. Solids contents may be in a 
range of from 0.4 to 15% (w/w), with 1.5 to 4% 
(w/w) preferred, depending on the solvent used and 
other considerations. This solution is mixed well 

10 and then applied to an appropriate organic sub- 
strate which can include catheter tubes, medical 
tubing introducers, polymer coated medical wires, 
stents and dilatation balloons by conventional coat- 
ing application methods. Such methods include 

75 dipping, spraying, wiping, painting and the like. 

After applying the coating solution, the solvent 
is preferably allowed to evaporate from the coated 
substrate often by exposure to ambient conditions 
of from 2 to 10 minutes. It is preferable to accom- 

20 plish this evaporation in such a manner as to 
minimize the accumulation of water in the uncured 
coating film resulting from hygroscopic attraction of 
atmospheric moisture to the polyvinylpyrrolidone. 
This can be accomplished readily by minimizing 

25 the evaporation time, reducing the ambient humid- 
ity, elevating the ambient temperature for drying, or 
using a combination of these methods. 

The coating is subsequently cured. The cure 
time and temperatures vary with the choice of 

30 isocyanate and polyol and the composition of the 
substrate. This choice of ingredients also affects 
the physical properties of the overall coating. 

Cure temperatures may range from 75 a F to 
350 *F although generally an elevated temperature 

35 at 180' to 250 *F is desirable to prevent moisture 
pickup by the coating during the curing operation. 
Cure times may vary from 2 minutes to 72 hours, 
depending upon the reactivity of the isocyanate 
and polyol, and the cure temperature. In all cases 

40 the cure conditions are to be non-deleterious to the 
underlying substrate. 

After the coating is cured, it is preferable to 
rinse or soak the coating in water to remove any 
uncomplexed polyvinylpyrrolidone. Generally a 

45 brief rinse of 10-15 seconds is sufficient, however a 
longer rinse or soak is acceptable since the coating 
is cured and forms a stable gel when in contact 
with water. After the rinse, the coating may be 
dried either at ambient conditions, or at elevated 

50 temperatures. 

After the coating is formed, the coating can 
imbibe water from an aqueous solution prior to 
introduction to the body and can become lubri- 
cious. Alternatively, the coating can imbibe water 

55 solely from body fluids, even if not introduced to 
water prior to introduction into the body. Because 
the coating is a cross-linked system, it adheres 
well to the substrate even when hydrated. It can be 
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dried and remoistened repeatedly and it will retain 
its lubricating properties. In all cases, the materials 
are selected so as to be compatible with the body 
and non-toxic to the body, if the coating is to be 
used in a body related, application as in catheters, 
introducer tubes and the like. 

The organic substrates that can be coated with 
the coatings of this invention include polyether 
block amide, polyethylene terephthalate, 
polyetherurethane, polyesterurethane, other 
polyurethanes, natural rubber, rubber latex, syn- 
thetic rubbers, polyester-polyether copolymers, 
polycarbonates, and other organic materials. Some 
of these materials are available under the trade- 
marks such as Pebax available from Atochem, Inc. 
of Glen Rock, N.J., Mylar available from E.I. duPont 
deNemours and Co. of Wilmington, Delaware, 
Texin 985A from Mobay Corporation of Pittsburgh, 
Pennsylvania, Pellethane available from Dow 
Chemical of Midland, Michigan, and Lexan avail- 
able from General Electric Company of Pittsfield, 
Massachusetts. 

The polyvinylpyrrolidone of the present inven- 
tion has a mean molecular weight of from about 
50,000 to 2.5 million. PVP having a mean molecu- 
lar weight of about 360,000 is preferred. Examples 
of polyvinylpyrrolidone materials useful in this in- 
vention are those available from BASF Corp, Par- 
sippany, N.J. as Kollidon 90, Luviskol K90, Luviskol 
K80 and Luviskol K60, and those available from 
GAF Corporation, as Plasdone 90, PVP K90 and 
PVP K1 20. 

Commercially available polyvinylpyrrolidone 
products usually contain approximately 3-5% (w/w) 
water. Furthermore, polyvinylpyrrolidone is very 
hygroscopic, and tends to accumulate water on 
normal storage when exposed to air. Since water is 
very reactive toward isocyanates, it is preferred, 
but not essential, to reduce the water content to 
less than 0.5% prior to use in preparing coating 
formulations. This may be readily accomplished by 
vacuum drying an appropriate quantity of polyvinyl- 
pyrrolidone, for example, by heating it for eighteen 
hours at 200 °F while maintaining a vacuum of 27 
inches of mercury. 

Isocyanates having at least two unreacted 
isocyanate groups per molecule may be used and 
include but are not limited to poly- 
methylenepolyphenyl isocyanate, 4,4'-diphenyl- 
methane diisocyanate and position isomers thereof, 
2,4-tolylene diisocyanate and position isomers 
thereof, 3,4-dichlorophenyl diisocyanate and 
isophorone isocyanate, adducts or prepolymers of 
isocyanates and potyols such as the adduct of 
trimethylolpropane and diphenyimethane 
diisocyanate or tolylene diisocyanate. Preferably, 
an adduct or isocyanate prepolymer, such as that 
available as Vorite 63 from Caschem Inc., is used. 



For further examples of polyisocyanates useful in 
this invention see the ICI Polyurethanes Book, 
George Woods, published by John Wiley And 
Sons, New York, NY (1987), incorporated herein by 
5 reference. 

Polyols useful in this invention may be any of a 
large number of polyols reactive with the 
isocyanates to form polyurethanes as known in the 
art. Examples of suitable polyols include but are 
io not limited to, polyester polyols, polyether polyols, 
modified polyether polyols, polyester ether polyols, 
castor oil polyols and polyacrylate polyols, includ- 
ing Desmophen A450, A365 and A160 available 
from Mobay. Preferred polyols include castor oil 
75 and castor oil derivatives (triglyceride of 12-hydrox- 
yoleic acid) such as DB oil, Polycin-12, polycin 55 
and Polycin 99F available from CasChem, Inc. of 
Bayonne, N.J. Suitable diols include poly(ethylene 
adipates), poly (diethyleneglycol adipates), poly- 
20 caprolactone diols and polycaprolactone- 
polyadipate copolymer diols, poly 

(ethyleneterephthalate) polyols, polycarbonate 
diols, polytetramethylene ether glycol, ethyleneox- 
ide adducts of polyisypropylene diols, ethylene ox- 
25 ide adducts of polyisypropylene triols. Suitable pro- 
ducts include Desmophen, 651A-65, 1300-75 and 
800 available from Mobay Corporation of Pitts- 
burgh, Pennsylvania, Niax E-59 and others avail- 
able from Union Carbide of Danbury, Connecticut, 
so Desmophen-550 DU, - 1600U, -1920D, and -1150 
available from Mobay. Many other polyols are 
available and can be used as known to- those 
skilled in the arts. 

The solvents used are those that do not react 
35 with the isocyanate, the polyol or the polyvinylpyr- 
rolidone but are solvents for all. The solvents must 
be free of reactive groups such as, for example, 
amine, hydroxyl and carboxyl groups. The solvent 
must further be capable of dissolving the 
40 isocyanate, polyol, and polyvinylpyrrolidone. As 
previously noted, it is preferred that the coating 
solution be substantially free of water which may 
react with the isocyanate groups. Thus, it is pre- 
ferred that the solvent be very dry, that is, that the 
45 water content of the solvent used be very low, 
(e.g., less than 100 ppm). Preferred solvents avail- 
able commercially in a suitably dry form include 
but are not limited to methylene chloride, 
dibromomethane, chloroform, dichloroethane, and 
50 dichloroethylene. When methylene chloride is 
used, the solids content of the coating solution may 
be 1 to 15% (w/w) and preferably 2.25 to 4%(w/w). 
When dibromomethane is used, the solids content 
of the coating solution may be 0.4 to 10% (w/w) 
55 and preferably 1.2 to 2.5%(w/w). Other solvents 
meeting the above objectives are also suitable. 
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Viscosity and flow control agents may be used 
to adjust the viscosity and thixotropy to a desired 
level. Preferably the viscosity is such that the coat- 
ing can be formed on the substrate at the desired 
thickness. Viscosities of from 50 cps to 500 cps 
can be used although higher or lower viscosities 
may be useful in certain instances. Viscosity con- 
trol agents include but are not limited to fumed 
silica, cellulose acetate butyrate and ethyl acrylate/ 
2-ethyl hexyl acrylate copolymer. Flow control 
agents are preferably used in amounts from 0.05 to 
5 percent by weight of coating. 

Antioxidants are used to improve oxidative sta- 
bility of the cured coatings and include but are not 
limited to tris (3,5-di-t-butyl-4-hydroxy benzyl) 
isocyanurate, 2,2* - methylenebis (4-methyl-6-t- 
butyl phenol), 1 ,3,5-Trimethyl-2,4,6-tris (3,5-di-t- 
butyl-4-hydroxybenzyl) benzene, butyl hydroxy 
toluene, octadecyl 3,5, di-t-butyl-4-hydrox- 
yhydrocinnamate, 4,4 methylenebis (2,6-di-t-butyl- 
phenol), p,p -dioctyl diphenylamine, 1 ,1,3-tris-(2- 
methyl-4-hydroxy-5-t-butylphenyl) butane. Antioxid- 
ants are preferably used in amounts from 0.01 to 1 
percent by weight of coating. 

Conventional pigments can be added to impart 
color or radiopacity. or to improve appearance of 
the coatings. 

Air release agents or defoamers include but 
are not. limited to polydimethyl siloxanes, 2,4,7,9- 
tetramethyl-5-decyn-4-7-diol, 2-ethylhexyl alcohol, 
n-beta-aminoethyl-gamma-aminopropyl- 
trimethoxysilane. Air release agents are often used 
in amounts from .005 to 0.5 percent by weight of 
coating. 

The invention is further illustrated by the follow- 
ing examples: 

EXAMPLE 1 

A coating solution of 3% (WVW) total solids was 
prepared by combining the following ingredients 
and mixing them thoroughly: 

1. 1.09 grams of a toluene diisocyanate - based 
prepolymer available as Vorite 63 from Cashem, 
Inc., Bayonne, N.J. 

2. 1.16 grams of a castor oil product available as 
DB oil from Caschem, Inc. 

3. 150 grams of a 5% (w/W) solution of poly- 
vinylpyrrolidone, PVP K-90, available as Kollidon 
90 from BASF Inc., Wyandotte, Ml, in methylene 
chloride. Prior to preparing this solution, the 
Kollidon 90 was vacuum dried for 18 hours at 
200* F, under an approximate 27" Hg vacuum. 

4. 173 grams of methylene chloride. 

The resulting solution contained 30 parts by 
weight of polyurethane precursors (isocyanate and 
polyol, collectively) to 100 parts PVP. 



A 10" length of polyurethane catheter tubing 
was coated with the resulting solution by dipping 
during 20 seconds. The solvent was evaporated at 
room temperature for approximately 5 minutes. The 
5 tubing was then placed in an oven at 225 0 F for 
120 minutes to effect cure of the coating. 

Upon removal from the oven, the tubing was 
rinsed in water and dried. 

The result was an adherent thin, tough coating 
10 on the tubing which, when wetted with water, be- 
comes an extremely slippery hydrogel. When wet, 
the coating maintained a high degree of lubricity 
even after rubbing 20 times with firm finger pres- 
sure applied under a stream of running water. The 
75 coating was allowed to dry. Upon re-wetting, the 
lubricity was unchanged. The drying and re-wetting 
cycles were repeated 10 times with no loss of 
lubricity. 

A similar length of coated tubing was stored in 
20 water at room temperature for a period of 10 days. 
After 10 days it exhibited essentially the same 
degree of lubricity and durability as described 
above. 

The coating solution was stored in a clean, 
25 tightly capped glass container for 28 days. After 28 
days, a length of polyurethane tubing was coated 
and processed as described above. The resulting 
coating performed essentially the same as de- 
scribed above, demonstrating a useful pot life of at 
30 least 28 days for this formulation: 

EXAMPLE 2 

A coating solution of 3% (w/w) total solids was 
35 prepared by combining the following ingredients 
and mixing them thoroughly: 

1 . 1 .82 grams of Vorite 63. 

2. 1.94 grams of D.B. oil. 

3. 300 grams of a 5% (w/w) solution of Kollidon 
40 90 in methylene chloride. 

4. 320 grams of methylene chloride. 

The resulting solution contained 25 parts by 
weight of polyurethane precursors to 100 parts 
PVP. 

45 A 10" length of polyurethane catheter tubing 

was coated with this solution by dipping during 20 
seconds. The solvent was evaporated at room tem- 
perature for approximately 5 minutes. The tubing 
was then placed in an oven at 225 °F for 120 
so minutes to effect a cure. 

The tubing was then rinsed after removal from 
the oven, and dried. 

The result was a. coating with properties which 
were essentially identical to those described in 
55 Example 1. 

The coating solution was stored for 23 days as 
described in Example 1, after which a length of 
polyurethane tubing was coated and processed as 
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described above. The resulting coating was essen- 
tially identical to that described in Example 1 , dem- 
onstrating a useful pot life of at least 23 days. 

EXAMPLE 3 

A coating solution of 1.8% (w/w) total solids 
was prepared by combining the following ingre- 
dients and mixing them thoroughly: 

1. 1.50 grams of Vorite 63. 

2. 1.62 grams of DB oil. 

3. 260 grams of a 3% (w/w) solution of Kollidon 
90 in dibromomethane. 

4. 342 grams of dibromomethane. 

The resulting solution contained 40 parts by 
weight of urethane precursors to 100 parts PVP 
K90. 

A 12" length of catheter tubing made of 
polyether - block amide polymer, available as 
Pebax 4033, from Atochem, Inc., Glen Rock, N.J., 
was coated with this solution as in Example 1 . 

The result was a lubricious, adherent coating 
essentially identical to that described in Example 1 . 

The solution was stored for 5 days, and a 
second length of polyether block amide tubing was 
similarly coated, with essentially the same results, 
indicating a useful pot life of at least 5 days. 

EXAMPLE 4 

A coating solution of 2.8% (w/w) total solids 
was prepared by combining the following ingre- 
dients and mixing them thoroughly: 

1 . 1 .60 grams of Vorite 63. 

2. 1.70 grams of DB oil. 

3. 200 grams of a 3% (w/w) solution of poly- 
vinylpyrolidone, K-120, available as Plasdone K- 
120 from GAF Corp., Wayne, J.J. and which 
was first vacuum dried as in Example 1, in 
methylene chloride. 

4. 129 grams of methylene chloride. 

The resulting solution contained 55 parts by 
weight of polyurethane precursors to 100 parts of 
PVP K120. 

A 10" length of polyurethane catheter tubing 
was coated with this solution and processed as 
described in Example 1 . 

The resulting coating was very lubricious, with 
essentially the same properties as those described 
in Example 1. 

COMPARATIVE EXAMPLE 5 

A coating solution of 3% (w/w) total solids was 
prepared by combining the following ingredients 
and mixing them thoroughly: 
1. 1.86 grams of Vorite 63. 



2. 1.14 grams of a polyethylene glycol of aver- 
age molecular weight of 400, available as CAR- 
BOWAX PEG 400 from Union Carbide Corp., of 
Danbury CT. 

5 3. 150 grams of a 5% (w/w) solution of Kollidon 

90 in methylene chloride. 
4. 197 grams of methylene chloride. 
The resulting solution contained 40 parts by 
weight of polyurethane precursors to 100 parts 
10 PVP K90. 

A 10" length of polyurethane catheter tubing 
was coated with this solution and processed as 
described in Example 1. 

Importantly, this is an example of the formation 
75 of an essentially linear, instead of a crosslinked, 
polyurethane, since both the isocyanate 
prepolymer and the polyol have a functionality of 2. 

The resulting coating was wetted with water 
and tested for lubricity. It was initially very slippery, 
20 but after rubbing 10 times with firm finger pressure 
under a stream of running water, the coating was 
largely removed, as evidenced by a dramatic de- 
crease in lubricity. The presence of removed coat- 
ing could also be detected between the fingers 
25 during this evaluation. 

Evidently a linear polyurethane formed in place 
during the cure of the coating does not produce a 
gel of sufficient integrity to withstand a practical 
degree of abrasion. 

30 

COMPARATIVE EXAMPLE 6 

A coating solution of 3% (w/w) total solids was 
prepared by combining the following ingredients 
35 and mixing them thoroughly: 

1. 40 grams of a 5% (w/w) solution of a linear 
polyetherurethane, available as Estane 5703, 
from B.F. Goodrich Co., of Cleveland, OH, in 
methylene chloride. 
40 2. 100 grams of 5% (w/w) solution of Kollidon 90 
in methylene chloride. 
3. 93 grams of methylene chloride. 
The resulting solution contained 40 parts of 
linear, preformed polyurethane to 100 parts of PVP 
45 K90. NOTE: This is an example of a linear, instead 
of a crosslinked, polyurethane in combination with 
PVP. 

A 10" length of polyurethane catheter tubing 
was coated with this solution and processed as 
50 described in Example 1. 

The resulting coating was wetted with water 
and tested, with results essentially the same as in 
comparative Example 5. That is, the wetted coating 
displayed initial integrity, but began to lose lubricity 
55 and show evidence of coating wear after 10 finger 
rubs under running water. 
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COMPARATIVE EXAMPLE 7 

In an attempt to produce a coating similar to 
the one described in COMPARATIVE EXAMPLE 6 
but with improved durability, a coating solution with 
a higher ratio of polyurethane to PVP was prepared 
as a 3% (w/w) solution by combining the following 
ingredients and mixing thoroughly. 

1. 50 grams of a 5% (w/w) solution of Estane 
5703 in methylene chloride. 

2. 50 grams of a 5% (w/w) solution of Kollidon 
90 in methylene chloride. 

The resulting solution contained 100 parts of 
linear, preformed polyurethane to 100 parts of PVP 
K90. 

A 10" length of polyurethane catheter tubing 
dipped in this solution and processed as described 
previously was then wetted with water and tested. 
The coating, although more durable, was found to 
display very little lubricity. 

COMPARATIVE EXAMPLE 8 

A coating solution of 3% (w/w) was prepared 
by combining the following ingredients and mixing 
thoroughly. 

1. 3.0 grams of Vorite 63. 

2. 150 grams of a 5% (w/w) solution of Kollidon 
90 in methylene chloride. 

3. 197 grams of methylene chloride. 

The resulting solution contained 40 parts of 
Vorite 63 to 100 parts of PVP K90. Importantly, this 
is an example of a blend of an isocyanate 
prepolymer and PVP K90. Since no polyol is 
present, the formation of a crosslinked polyure- 
thane is not possible. 

A 10" length of polyurethane catheter tubing 
dipped in this solution and processed as described 
previously was then wetted with water and tested. 
The results were essentially the same as in COM- 
PARATIVE EXAMPLE 5, that is lubricious at first, 
but losing lubricity and showing evidence of coat- 
ing loss after 20 finger rubs under running water. 
Presumably, the poor durability was due to the 
inability of the isocyanate to form a crosslinked 
polyurethane network, because of the lack of a 
polyol species. 

EXAMPLE 9 

A coating solution of 3% (w/w) total solids was 
prepared by combining the following ingredients 
and mixing them thoroughly: 

1 . 1 .96 grams of Vorite 63 

2. 1.04 grams of a modified castor oil based 
polyol of approximate functionly of 4 available 
as Polycin 12 from Caschem, Inc. 



3. 150 grams of a 5% (w/w) solution of Kollidon 
90 which was first vacuum dried as in Example 
1 , in methylene chloride. 

4. 197 grams of methylene chloride. 

5 The resulting solution contained 40 parts of 

polyurethane precursors to 100 parts PVP K90. 
A 10" length of polyurethane catheter tubing 

was dip coated in this solution and processed as 

described in Example 1 . 
io The result was a coating with properties that 

were essentially identical to those described in 

Example 1. 

EXAMPLE 10 

15 

A coating solution of 2.75% (w/w) was pre- 
pared by combining the following ingredients and 
mixing them thoroughly: 
1. 1.45 grams of Vorite 63. 
20 2. 1 .55 grams of DB oil. 

3. 150 grams of a 5% (w/w) solution of Kollidon 
90 which was first vacuum dried as in Example 
1, in methylene chloride. 

4. 229 grams of methylene chloride. 

25 The resulting solution contained 40 parts of 

polyurethane precursors to 100 parts of PVP K90. 

10" lengths of the following types of tubing 
were dip coated in this solution and processed as 
described in Example 1 . 

30 a. Latex tubing 

b. Polyesterurethane tubing made from Estane, 
58206, available* from" B.F. Goodrich Co., Cleve- 
land OH. 

c. Polyetherurethane tubing made from Estane, 
35 58300, available from B.F. Goodrich. 

In ail cases the result was a durable very 
slippery coating when wet, similar to that described 
in Example 1. 

40 EXAMPLE 11 

A coating solution of 3% (w/w) was prepared 
by combining the following ingredients and mixing 
them thoroughly: 
45 1 . 1 .33 grams of a 60% solution of the adduct of 
toluene diisocyanate and trimethylolpropane in 
methoxy acetoxy propane (available as Mondur 
CB-60 PMA from Mobay Corporation, Pitts- 
burgh, PA; 
so 2. 1 .60 grams of Vorite 63; 

3. 1.37 grams of Polycin 12; 

4. 200 grams of a 5% (w/w) solution of Kollidon 
90 which was first vacuum dried as in Example 
1 , in methylene chloride. 

55 5. 247 grams of methylene chloride. 

The resulting solution contained 35 parts of poly- 
urethane precursors to 100 parts PVP K90. 10" 
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lengths of the following types of tubing were dip 
coated in this solution and processed as described 
in Example 1. 

a. Latex tubing. 

b. Polyesteruethane tubing made from Estane 
58206. 

c. Polyetherurethane tubing made from Estane 
58300. 

In all cases the result was a durable, very slippery 
coating when wet, similar to that described in Ex- 
ample 1. 

EXAMPLE 12 

A coating solution of 1 .8% (w/w) was prepared 
by combining the following ingredients and mixing 
them thoroughly: 

1. 1.26 grams of Vorite 63; 

2. 1.14 grams of DB oil; 

3. 0.84 grams of a 1% solution of a hindered 
phenol antioxidant (available as Irganox 1076 
from Ciba Geigy Corp., Ardsley NY) in 
methylene chloride; 

4. 200 grams of a 3% (w/w) solution of Kollidon 
90 which was first vacuum dried as in Example 
1, in dibromomethane. 

5. 264 grams of dibromethane. 

The resulting solution contained 40 parts of poly- 
urethane precursors to 100 parts PVP. 

A ureteral stent formed from a 
polyesterurethane was dip coated in this solution 
for 8 seconds. The solvent was evaporated at room 
temperature for approximately 15 minutes. The 
stent was placed in an oven at 225 *F for 120 
minutes to effect cure of the coating. 

Upon removal from the oven, the stent was 
rinsed in water and dried. 

The result was a durable, slippery coating 
when wet, similar to that described in Example 1. 

The stent was tested for coefficient of friction 
following ASTM D1 894-87 and demonstrated a val- 
ue of 0.02. By comparison, a similar size of latex 
tubing coated with polytetrafluoroethylene 
(available as Teflon from E.I. du Pont de Nemours, 
Wilmington DE) exhibited a coefficient of friction 
value of 0.40. 

EXAMPLE 13 

A coating solution of 3% (w/w) was prepared 
by combining the following ingredients and mixing 
them thoroughly. 

1. 2.56 grams of Vorite 63; 

2. 7.44 grams of a saturated polyester polyol 
(available as Multron R-18 from Mobay Corp.); 

3. 200 grams of a 5% (w/w) solution of Plasdone 
K90 which was first vacuum dried as in Example 
1, in methylene chloride. 



4. 456 grams of methylene chloride. 
The resulting solution contained 100 parts of poly- 
urethane precursors to 1 00 parts of PVP K90. 

A clean latex rubber urological catheter with a 
5 chlorinated surface was dip coated in this solution 
for 45 seconds. The solvent was evaporated at 
room temperature for approximately 10 minutes. 
The catheter was then placed in an oven at 225 * F 
for 120 minutes to effect cure of the coating. 
10 Upon removal from the oven, the catheter was 

rinsed in water and dried. 

The result was a catheter with a durable and 
extremely lubricious coating when wet 

75 EXAMPLE 14 

A coating solution of 2.5% (w/w) total solids 
was prepared by combining the following ingre- 
dients and mixing them thoroughly: 
20 1 . 2.98 grams of Mondur CB-60 PMA; 

2. 1.03 grams of CARBOWAX PEG 400; 

3. 1.40 grams of a 1% solution of Irganox 1076 
in methylene chloride; 

4. 200 grams of a 5% (w/w) solution of Kollidon 
25 90 which was first vacuum dried as in Example 

1 , in methylene chloride. 

5. 307 grams of methylene chloride. 

The resulting solution contained 40 parts of poly- 
urethane precursors to 1 00 parts of PVP K90. 

30 10" lengths of latex tubing were dip coated in 

this solution during 30 seconds, and solvent was 
evaporated for approximately 15 minutes. The tub- 
ing was then placed in an oven at 200° F for 1 hour 
to effect cure of the coating. 

35 Upon removal from the oven, the tubing was 

rinsed briefly with water and dried. 
NOTE: This is an example of a crosslinked poly- 
urethane produced by the reaction of a tri-func- 
tional isocyanate (Mondur CB-60 PMA) with a 

40 difunctional polyol (CARBOWAX PEG 400). 

The result was a thin, tough, adherent coating 
which becomes extremely slippery when wetted 
with water. The coating could not be removed with 
repeated firm finger pressure applied under a 

45 stream of running water, and maintained lubricity 
after such rubbing. 

A length of tubing was tested for coefficient of 
friction per ASTM D1 894-87 in a water bath at 
100°F. A coefficient of friction value of 0.02 was 

so measured. By comparison, a similar length of latex 
tubing coated with polytetrafluoroethylene (Teflon, 
available from E.I. du Pont de Nemours and Co., 
Wilmington, DE) exhibited a coefficient of friction 
value of 0.40. 

55 
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While the invention has been described in de- 
tail and with reference to specific embodiments 
thereof, it will be apparent that various changes 
and modifications can be made therein without 
departing from the spirit and scope thereof. 5 

Claims 

1. A hydrophilic, lubricious, organic coating com- 
prising: 10 

a polyvinylpyrrolidone; and 
a crosslinked polyurethane. 

2. A coating in accordance with Claim 1 wherein 75 
the polyvinylpyrrolidone has a mean molecular 
weight of from about 50,000 to 2.5 million. 

3. A coating in accordance with Claim 2 wherein 

the polyvinylpyrrolidone has a mean molecular 20 
weight of about 360,000. 

4. A coating in accordance with Claim 1 wherein 
the ratio by weight of the polyurethane to poly- 
vinylpyrrolidone is from about 0.05 to 3.0. 25 

5. A coating in accordance with Claim 4 wherein 
the ratio by weight is from about 0.2 to 1.0. 

6. A coating in accordance with Claim 1 wherein 30 
the crosslinked polyurethane is formed in the 
presence of polyvinylpyrrolidone from the re- 
action of an isocyanate and a polyol. 

7. A coating in accordance with Claim 6 wherein 35 
the isocyanate contains at least two NCO 
groups per molecule and the polyol has at 
least two hydroxy groups per molecule, the 

sum of the average NCO functionality and the 
average hydroxy functionality exceeding 4. 40 

8. A coating in accordance with Claim 7 wherein 
the stoichiometric ratio of total NCO groups to 
total hydroxy groups is from about 0.75 to 3.0. 

45 

9. A coating in accordance with Claim 8 wherein 
the stoichiometric ratio of total NCO groups to 
total hydroxy groups is from about 1.1 to 1.3. 

10. An organic substrate article having a hydro- 50 
philic coating comprising: 

an organic substrate, 

and a coating in accordance with any of 
claims 1-9 adhered thereto. 

55 

11. The article of Claim 10 wherein the organic 
substrate is of a material selected from the 
group consisting of polyether block amides, 



polyurethanes, polyetherurethanes, polyester 
urethanes, natural rubber, synthetic rubber, la- 
tex, rubber, polyester-polyether copolymers, 
polycarbonates and polyethylene tereph- 
thalates. 

12. An article comprising an organic substrate and 
a hydrophilic, lubricious organic coating ad- 
hered thereto, said coating formed from the 
reaction on the surface of the substrate to be 
coated, of a mixture comprising an isocyanate, 
a polyol and polyvinylpyrrolidone in a carrier 
liquid to form a crosslinked polyurethane-poly- 
vinylpyrrolidone coating having good adher- 
ence to the substrate and a very low coeffi- 
cient of friction. 

13. An article in accordance with Claim 12 wherein 
the polyvinylpyrrolidone has a mean molecular 
weight of from about 50,000 to 2.5 million. 

14. An article in accordance with Claim 13 wherein 
the mixture contains a blend of polyvinylpyr- 
rolidones. 

15. An article in accordance with Claim 12 wherein 
the isocyanate has at least two unreacted 
isocyanate groups per molecule and is se- 
lected from the group consisting of 2,4- and 
2,6 Toluene Diisocyanate (TDI), 4,4 1 - diphenyl- 
methonediisocyanate (MDI), other position iso- 
mers of MDI, polymeric versions of MDI, hex- 
amethylene diisocyanate, and adducts and 
prepolymers prepared from the above. 

16. An article in accordance with Claim 12 wherein 
the polyol used is selected from the group 
consisting of castor oil and castor oil deriva- 
tives, modified polyether polyols, modified 
polyester polyols, and polyethylene glycols. 

17. An article in accordance with Claim 12 wherein 
the carrier liquid is a solvent selected from the 
group consisting of methylene chloride, 
dibromomethane, chloroform, dichloroethane, 
acetonitrile, dibromoethane and blends thereof. 

18. A method of preparing a hydrophilic lubricious, 
organic coating on an organic substrate to be 
coated; 

said method comprising forming an or- 
ganic coating mixture of an isocyanate, a 
polyol and a polyvinylpyrrolidone in a carrier 
liquid, applying said mixture to the substrate, 
removing at least a portion of said carrier 
diluent, and then curing to form a coating of a 
cross-linked polyurethane complexed with 
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polyvinylpyrrolidone, having good adherence 
to the substrate and good anti-friction prop- 
erties. 

19. A method of preparing a hydrophilic, tubricious 5 
organic coating comprising, 

forming a reaction mixture containing an 
isocyanate, a polyol and a polyvinylpyrrolidone 
having a molecular weight in the range of from 
50,000 to 2.5 million and a water content of io 
less than 1 % (w/w). 

said mixture being dissolved in a solvent 
to form a uniform solution, 

applying said solution to an organic sub- 
strate to form a coating, is 

removing said solvent, 

and curing said coating to allow said 
polyol and isocyanate to react to form a cross- 
linked polyurethane matrix associated with the 
polyvinylpyrrolidone. 20 

20. A method in accordance with the method of 
claim 19 wherein said curing is carried out at a 
temperature of from 70 * F to 250° F for a time 
period of from 2 minutes to 72 hours. 25 

21. A method in accordance with the method of 
claim 19 wherein said substrate is a catheter 
and said coating overlies said catheter. 

30 
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